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1 Background 
The unwanted emissions are for NR BS in FR2 is not fully completed and several proposed updates were discussed at RAN4#86 in Athens [1-9]. A Way-Forward was agreed in the end, identifying some common grounds and further study points [10].
This document makes further proposals based on the agreed Way-Forward.

2 Agreed Way-forward 

The unwanted emissions are for NR BS in FR2 defined as spurious emissions and a carrier-centric spectrum emissions mask, fundamentally based on the ITU-R IMT-2020 parameters and related to the PTx level of the BS. Several proposals for how to update the mask was done atRAN4#86 [1-9] and summarized in a WF [10] that identified four main issues:
Issue 1: Mask type

· Mask could be either
· SEM (carrier-centric/ contiguous transmission spectrum centric) or 

· OBUE (band-centric)

· Target to align mask type for Category A and B, in line with regional requirements. Two options:

· Option 1: Keep SEM for Category A and FFS for Category B (when limits available)

· Option 2: OBUE to accommodate foreseeable stricter Category B limits, assuming a band filter will be needed
Issue 2: Boundary
· Boundary between OOB and Spurious domain

· Based on ITU-R recommendation SM.1539

	Center frequency of the contiguous allocated transmission bandwidth fc
	The contiguous allocated transmission bandwidth BWcontiguous
	The maximum offset of spectrum emission mask from the contiguous allocated transmission bandwidth edge ΔfSEM

	24.25GHz ≤ fc ≤ 56GHz
	BWcontiguous < 500MHz
	2*BWcontiguous

	
	500MHz ≤ BWcontiguous
	BWcontiguous + 500MHz


· “Contiguous allocated transmission bandwidth” is FFS

· Boundary definition, if OBUE mask option is agreed:

· Mask limits in FR2 defined from ΔfOBUE below the lowest frequency up to ΔfOBUE above the highest frequency of each supported downlink operating band.

· ΔfOBUE is FFS, taking into account filter implementation (for stricter category B limits)
Issue 3: Scaling
· Whether emission mask level should be scaled to TRP PSD assumption for wanted signal

· This is related to classification of mask to BS class or Ptx (Issue 4)
Issue 4: Classification

Classification of mask to BS class or Ptx

· BS class: FFS on rationality to define WA BS mask as frequency agnostic and power level agnostic (as for FR1 and LTE), based on FCC limits (-5 / -13 dBm)

· Power level Ptx: FFS on definition of Ptx and the appropriate level for MR and LA BS.

· Definition of Ptx:

· Rated TRP power as declaration / maximum TRP power according to measurement

· Total TRP power for contiguous spectrum / TRP power for edge carrier / Maximum carrier TRP power among contiguous carriers

· FFS on Ptx threshold for mask

· Consideration of levels used by ITU-R in compatibility studies

· Ptx threshold should consider the implementation reality
3 Discussion
A complete proposal for how to define the masks in FR2 for NR BS was made in [4] and [5]. The following discussion and proposals [4] and [5] as starting point and identifies where the proposals made can be modified to reach a compromise view for the issues identified in the WF [10].

3.1 Type of emission mask (Issue 1)
It was noted in [4] that with the present spurious emission level in TS 38.104 (-13 dBm/MHz), it does not matter very much where the boundary between those limits is placed since it is on the same level as the spectrum mask. The ongoing discussion in the regulatory community around what mmWave emission for Category B spurious emissions, indicates however that the limits in the spurious domain may become stricter than what is defined by the emissions mask, implying that the boundary to the spurious domain will have higher importance and could apply also inside the operating band.
For this reason, it is maintained that the best way forward is to change the emissions mask to a band-centric Operating Band Unwanted Emissions (OBUE) mask, at least for Category B. Possibly, also Category A could be made into OBUE to provide alignment.

PROPOSAL 1: Change the present carrier-centric SEM in FR2 to a band-centric OBUE mask, at least for Category B limits.
3.2 Boundary for an OBUE mask (Issue 2)

The WF states that for an OBUE, the boundary ΔfOBUE to which the mask extends should take into account the filter implementation. It was indicated in [4], based on a preliminary front-end filter analysis, that a value of ΔfOBUE of up to more than 1 GHz could be needed for an FR2 OBUE limit. This needs further study and more filter data input is encouraged from vendors. The value will also depend on the final emission limit in the spurious domain.
PROPOSAL 2: The ΔfOBUE to use for the OBUE mask in FR2 should be determined based on realistic filter data, where further input is encouraged.
3.3 Scaling of emission mask (Issue 3)

In [4], it was not proposed to scale the mask limits with the bandwidth. Considering the input from multiple vendors in [1] ad [8], it is noted that the PSD of the signal does vary with the bandwidth and that this impacts the implicit ACLR from the mask. As a compromise position for lower power BS, the mask could be partially scaled for bandwidths below 200 MHz by accounting for a fraction of the bandwidth difference as scaling.
PROPOSAL 3: The mask limits for mask are partially scaled with bandwidths, for bandwidths below 200 MHz. This would not apply to the highest power classification of BS (or Wide Area BS). A scaling of 4 dB is applied.
3.4 Classification of masks (Issue 4)
In previous WF [11], there were two options defined in the way-forward for how to classify the masks:
· Option 1: Consider to use BS classification instead of PTx for classification, while further considering relationship between mask and PTx

· Option 2: Classify based on PTx (as now), while considering realistic PTx levels and a definition of PTx, based on declaration or measurements

The compromise in the new WF [10] is basically to apply Option 1 to separate out Wide Area BS from other BS classes based on FCC limtis, and to apply Option 2 for other BS classes (MR and LA). This could be a viable compromise, if the correct parameters are chosen:

· The PTx threshold for MR and LA BS should be based on declaration (Prated,t,TRP), as proposed in [4]. This in order to have a non-ambiguous mask that can be tested independently of output power
· The level of the MR and LA BS masks should be based on a PTx threshold of 32 dBm, as proposed in [4]. This is based on both the implementation of BS transmitters and consideration of the levels used in ITU-R compatibility studies. 

It was proposed in [4] to define the BW that defines the mask as Base Station RF Bandwidth, since this is the bandwidth referred to in regulation. (NOTE: There may be regional variations). This may need further considerations, since it may be difficult to apply for non-contiguous transmission with large gaps.

PTx should be defined over the same bandwidth (provisionally the Base Station RF Bandwidth).

PROPOSAL 4A: The WA BS mask is fixed and independent of power level based on FCC, while a separate mask scaled with PTx is applied to other BS classes.
PROPOSAL 4B: The power level PTx is defined based on declaration (as Prated,t,TRP).
PROPOSAL 4C: The mask levels for other BS classes than WA are defied with consideration of implementation and ITU-R compatibility studies, as proposed in [4].
PROPOSAL 4D: The bandwidth used for defining mask levels (and scaling) is provisionally set as the Base Station RF Bandwidth (in brackets). This will need further consideration.
4 Resulting OBUE mask limits
The following is based on Proposals 1 to 4D above. The mask limits for the other BS classes than WA use the limits proposed in [4] as baseline, with the following adjustments:

· Mask levels for bandwidth below 200 MHz are scaled as in Proposal 3.
· Since mask limits for 24.2 - 33.4 GHz and 37 - 52.6 GHz only differ by 0.5 dB, they are merged into the same tables.
The symbol BWBS,RF is introduced for Base Station RF Bandwidth, but is used in brackets and is for further consideration. Note that all limits are defined not to go above the FCC limits of -5 dBm and -13 dBm, respectively. The corresponding PTx limit where these levels are reached is put in brackets in each table heading but need not be explicitly stated in the specifications.
Table 1: OBUE for BS-type 2-O applicable for WA BS
	Frequency offset from “edge of transmission” Δf
	Limit
	Measurement bandwidth

	0 ( (f < 0.1 ∙ [BWBS,RF]
	-5 dBm
	1 MHz

	0.1 ∙ [BWBS,RF] ( (f < 2 ∙ [BWBS,RF]
	-13 dBm
	1 MHz

	2 ∙ [BWBS,RF] ( (f < Δfmax
	-13 dBm
	1 MHz


Table 2: OBUE for BS-type 2-O applicable for MR BS and LA BS for [BWBS,RF] ≥ 200 MHz 
(PTx limit 32 dBm for highest mask limits)
	Frequency offset from “edge of transmission” Δf
	Limit
	Measurement bandwidth

	0 ( (f < 0.1 ∙ [BWBS,RF]
	Min(-5 dBm, Max(PTx – 37 dB, -12 dBm))
	1 MHz

	0.1 ∙ [BWBS,RF] ( (f < 2 ∙ [BWBS,RF]
	Min(-13 dBm, Max(PTx – 45 dB, -20 dBm))
	1 MHz

	2 ∙ [BWBS,RF] ( (f < Δfmax
	-13 dBm
	1 MHz


Table 3: OBUE for BS-type 2-O applicable for MR BS and LA BS for [BWBS,RF] < 200 MHz 
(PTx limit 28 dBm for highest mask limits)
	Frequency offset from “edge of transmission” Δf
	Limit
	Measurement bandwidth

	0 ( (f < 0.1 ∙ [BWBS,RF]
	Min(-5 dBm, Max(PTx – 33 dB, -12 dBm))
	1 MHz

	0.1 ∙ [BWBS,RF] ( (f < 2 ∙ [BWBS,RF]
	Min(-13 dBm, Max(PTx – 41 dB, -20 dBm))
	1 MHz

	2 ∙ [BWBS,RF] ( (f < Δfmax
	-13 dBm
	1 MHz


PROPOSAL 5: The OBUE mask limits as outlined in Tables 1 to 3 are applied for FR2. 
NOTE:
The choice of emission mask will also impact how the Absolute ACLR is expressed for BS type 2-O. This will need further consideration when the emission mask limits are agreed.
5 Proposal
It is proposed that the emission mask for FR2 is changed according to the following proposals:
PROPOSAL 1: Change the present carrier-centric SEM in FR2 to a band-centric OBUE mask, at least for Category B limits.

PROPOSAL 2: The ΔfOBUE to use for the OBUE mask in FR2 should be determined based on realistic filter data, where further input is encouraged.

PROPOSAL 3: The mask limits for mask are partially scaled with bandwidths, for bandwidths below 200 MHz. This would not apply to the highest power classification of BS (or Wide Area BS). A scaling of 4 dB is applied.
PROPOSAL 4A: The WA BS mask is fixed and independent of power level based on FCC, while a separate mask scaled with PTx is applied to other BS classes.
PROPOSAL 4B: The power level PTx is defined based on declaration (as Prated,t,TRP).
PROPOSAL 4C: The mask levels for other BS classes than WA are defied with consideration of implementation and ITU-R compatibility studies, as proposed in [4].

PROPOSAL 4D: The bandwidth used for defining mask levels (and scaling) is provisionally set as the Base Station RF Bandwidth (in brackets). This will need further consideration.
PROPOSAL 5: The OBUE mask limits as outlined in Tables 1 to 3 are applied for FR2. 

The corresponding Draft CR is in [12].
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